Whole-cell fatty acid methylester fmgerprints of 83 streptococcal strains were determined by gas chromatography. The major cellular fatty acids were invariably tetradecanoic, hexadecanoic, octadecanoic, and octadecenoic acids. On the basis of "minor fatty acid" composition, it was possible to distinguish between three types of streptococci of uncertain taxonomic status, collectively referred to in the literature as "Streptococcus milleri," and two groups of serovars of Streptococcus mutans. Streptococcus mitis proved fairly heterogeneous, as expected. Streptococcus faecalis, Streptococcus pyogenes, Streptococcus salivarius, and Streptococcus sanguis had qualitatively distinct profiles. Streptococci of the "viridans" group have been subjected to numerical taxonomy (5,6,13) with mixed success. In addition to phenotypically homogeneous species, a residual intractable spectrum of intermediate forms resists attempts to clustering. For the latter ill-defined strains, the term Streptococcus mitis is usually employed. Among the supposedly homogeneous species, Streptococcus mutans has now been shown to be genetically heterogeneous, whereas "Streptococcus milleri" has atypical strains with respect to cariogenicity (10) or to physiological characteristics (3).
Streptococci of the "viridans" group have been subjected to numerical taxonomy (5,6,13) with mixed success. In addition to phenotypically homogeneous species, a residual intractable spectrum of intermediate forms resists attempts to clustering. For the latter ill-defined strains, the term Streptococcus mitis is usually employed. Among the supposedly homogeneous species, Streptococcus mutans has now been shown to be genetically heterogeneous, whereas "Streptococcus milleri" has atypical strains with respect to cariogenicity (10) or to physiological characteristics (3).
Although the term "S. milleri" is widely used by microbiologists in Europe (29), the taxonomic status of such strains is still being determined and the name does not appear on the Approved Lists of Bacterial Names (25) .
This study examines the feasibility of applying gas chromatographic fatty acid fingerprints to strains of "S. rnilleri," S. mitis, and related streptococci.
MATERIALS AND METHODS
Bacterial strains. A total of 83 strains was examined, including "S. milleri" (28 strains), s. mitis (29 strains), S. mutans (5 strains), Streptococcus salivarius (6 strains), Streptococcus sanguis (5 strains), and Streptococcus uberis (1 strain), aIl of the "viridans" group, together with Streptococcus faecalis (6 strains) and Streptococcus pyogenes (3 strains), included for comparative purposes. The strains were from culture collections or were fresh isolates of oral, vaginal, or other origin. The sources of the strains are given in Tables 1,2 , and 3. All of the strains were gram-positive, catalase-negative cocci occurring in chains and capable of growth under aerobic or microaerophilic conditions. Species identifications were made on the basis of the results from a minimum of 20 additional tests (10) supplemented by the test for production of hydrogen peroxide.
Growth and harvesting. Freeze-dried cultures were rechecked for purity and physiological characteristics before growth. Starter cultures, consisting of 1.0-ml samples of brain-heart infusion cultures, were incubated at 37°C for 18 h, inoculated into triplicate 100-ml volumes of brain heart infusion, and incubated at 37°C for 48 h, in a shaking water bath, without aeration. After growth, cells were harvested by centrifugation at 6,000 x g for 30 min. Before being freezedried, the cells were washed at 4.0"C first with 0.1 M double phosphate buffer (pH 7.2) and then with distilled water.
Fatty acid extraction. Freeze-dried cells (10 mg) were transesterified in sealed ampoules in triplicate. The extraction procedure and the boron trifluoridemethanol reagent were described previously (15). After extraction, cooled ampoules were opened, and methyl carboxylic esters were twice extracted with heptane and an equal volume of water. Centrifugation resulted in phase separation of the emulsion which formed on shaking. Grease, rubber, and plastic materials were avoided as they introduce artifacts (9). Pooled heptane phases were stored at -18°C and concentrated to 20 pl immediately before analysis.
Gas chromatographic analysis. Each triplicate heptane extract was itself analyzed thrice by gas chromatography by injection of 2.0-pl samples onto a coiled glass column (183 by 4 mm inside diameter) packed with 10% (wt/wt) polyethylene glycol adipate on a diatomite C support (100 to 120 mesh). The column was operated isothermally at 190OC in a PYE 104 chromatograph with a flame ionization detector operated at 200°C. The carrier gas was nitrogen, employed 219 INT. J. SYST. BACTERIOL. 9 9 9 9 9 9 9 9 9 9 ' 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 ' Isolated at the Manchester Royal Infirmary. integrator. An analysis of integrator data (12) provided mean peak areas with standard deviations and mean equivalent chain length (ECL), which enabled tentative peak identifications to be made (22). A few representative strains were selected for further study to confjrm the identities of peaks. The methods used have been previously described (11, 15), and they included cochromatography with standards, reanalysis on a nonpolar column, separation of enoate classes, bromination, and on-line mass spectrometry. These techniques proved more successful for major peaks than for trace components.
RESULTS
Mean equivalent chain lengths of esters were computed with sufficient accuracy (kO.01) to permit identification, in different analyses, of peaks due to the same ester. The individual results are tabulated in Tables 1,2 , and 3. Qualitative data for species are listed in Results for S. mutans are segregated by serovar (Table 3) whereas those for the majority of "S. milleri" strains are differentiated by source (Table 2). Data from Tables 1,2 , and 3 are collated in Table 4 , where results for individual species are expressed as "+," "-," or "k." To compensate for the increased likelihood of an aberrant strain when numbers in a group increase, results were categorized as "+" when 84% or more of the strains were positive and as "-" when 84% or more of the strains were negative in any given species.
DISCUSSION
The finding of tetradecanoate, hexadecanoate, hexadecenoate, octadecanoate, and octadecenoate as major peaks in the cellular fatty acids of the streptococci studied largely agrees with the findings of other workers (15, 18, 24, 26) , who generally examined smaller numbers of strains. Eicosenoate was not computed because only peaks of ECL 13.6 up to 20.2 were considered in this study; the deliberate exclusion of peaks having a retention similar to that of eicosenoate avoided consideration of peaks whose massspectral characteristics differ from those of eicosenoate (unpublished data). Although quantitative differences between species will be calculated elsewhere, qualitative differences between species are apparent and valid since all strains were examined under the same condi- In this study, a few strains of S. faecalis, S. pyogenes, and other species were incorporated as internal references. S. mitis has been shown to possess tetradecanoate, hexadecanoate, hexadecenoate, octadecanoate, and octadecenoate as major peaks in a study (18) employing two strains only; in this study, these esters also were the major peaks in the 29 strains examined. Peaks due to other esters were not invariably present or absent, as Table 4 indicates. This heterogeneity with respect to cellular fatty acids mirrors the diverse nature of members of this "catch-all" species as shown by numerical taxonomy (13).
The cellular fatty acid profiles of "S. milleri" shed light on the disparate nature of strains assigned to this species. Three separate groups of strains appear to exist, namely strains of oral origin capable of inducing caries in gnotobiotes (lo), strains of vaginal origin, and strains from abscesses and infected wounds, referred to as "medical" strains. Traditional physiological tests do not permit a distinction between the first and third of these groups of strains; however, the fatty acid data, in addition to cariogenicity, are useful in this regard. The vaginal strains can be recognized as distinct from other "S. milleri " strains on physiological grounds.
Too few strains of the other species were examined for firm conclusions to be drawn; however, certain trends were noted. S. mutans serovar c appeared to have heptadecanoate, whereas members of other serovars appeared to have heptadecenoate. Heptadecanoate has been shown to be present only under certain growth conditions (15), and even then at not more than 0.2% of the total peak area for S. mutans NCTC 10832, the value obtained in the present study. But for electronic integration of peaks and subsequent computer authentication of data, this small peak would have been discarded as being due to an irregular base line. This may account for its seeming absence in other studies (18). The presence of very low amounts of branchedchain acids in certain strains of S. mutans corroborates some workers' findings but not others (26). This may be a reflection on the analytical and computer methods employed, the nature of the growth medium, or the esterification method. Traces of these acids have been demonstrated, however, even in cells grown in a synthetic medium (12). S. salivarius appeared to have the same major acids as the preceding species; this finding agrees with data for only five strains reported elsewhere (18). The lack of variable data ( S. faecalis (2, 14) , and S. pyogenes (24). These major acids are quite different from those of some genera of gram-positive cocci (16, 27, 28). The percentage analyses in this and other studies must be qualified by the knowledge that total recovery of fatty acid, losses due to destruction or evaporation, and molar detector response factors may be unknown. Such limitations do not detract from the benefits accruing from application of gas chromatography to streptococcal classification.
